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Summary.

A newinstrumentknownas the‘W.A.C.A.Three-Component

Accelerometer~isdescribedinthisnote. Thisinstrumer.twas
designedby thetechnicalstaffof theNationalAdvisoryCom-

mitteeforAeronauticsforrecordingaccelerationsalongtinree

mutuallyperpendicularaxes,andisof thesametypeas the

N.A.C.A.singleoomponentaccelerometerwiththeadditionof

twospringsanda fewminorimprovementssuch

fillingthedash-potsanda ccnmeni.entmethod

springs.ThisnoGeincludesa fewrecordsas

graphsof theinstrumentitself.

Introduction.

Previously,severalinstruments

asa pmp for

foraligningthe

wellasphoto-

havebeenconstructedfor
recordingaccelerationsinanairplanealonga Singleaxis. q“~

moreimportantof%hesearedescribed‘inthefollowingreports:

(1) N,A.C.A.ReportNo.100- AccelerometerDesign.
1921.

(2) R & M No.376,BritishAdvisoryCozhmitteefor
Aeronautics,September,1917.
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(3)

(4)

Inorder

Development
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ofanAi3p~an6ShockRecorder.
ByA. F. Zahm,J&zrnalofFramklin
Institute,August,1919.

N.A.C.A.TechnicalNoteNo.3,Noteson Theory
of theAccelerometer,May,1920.

tomeasuretheaccelerationalongthethreeaxee

ofanairplanesimultaneouslyitisnecessarytohavethree

accelerometermovements,eachmountedperpendiculartooneof

theaxes.As itisdesirableinsomeoasesto
. celebrations,threemovementswereincorporated

inoneinstrument.

knowtheseac-

forconvenience,

Descriptionof theThree-ComponentAccelerometer.

Photographsanddiagramsof theinstmentsaresho~ in

Figs.1-4. Theconstruction,asmaybe seenfromFig.3,”is

similarto theotherstandardN.A.C.A.recordingin8tr~entS;

theopticalsystem,recordingdrum,anddrivingmotozbeing
. identioal.Thereisa lightsourceconsistingofa single

lamp,so thatthethreemirrorsformseparateimagesona sin-
●

glefilm,Thethreeourvesaredistinguishedfromeachothex

bymeansofa revolvingshutterwhi~hgivesa dottedanda dash

reoordfromtwoof themirr~rs.As inthecasewiththeother

instruments,thereisa timing”lamptosynchronizetherecords

andtogivetiresintervals.

TheprinoipalfeaturesareshowninFigs,1 and2. Fig.1

showsthearrangementof thethreespringsandtheoorrespendiqgt
. axisalongwhicheachrecordstheacceleration,Themetionof “
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theendofeachspringistransmitted

.

by thestylus- a small-

pointedscrew- tothemirro~as f3hGwni~Fig.2. The X and

Z springsregisterdi~ectly,butthemotionofthe Y spring

mustbe transmittedthrougha bellcrank.Themovingpartsare

madeverysmallandlighttoreducetheirmomentofinertia

anda hairsps.’ingoneaohmirrorspindletakesupallbacklash.

Toadjustthesensitivity,thespringmaybemovedalongitsown

axisortheweightofthescrewnear
* Thisscrewisalsousedtoalignthe

is,tomaketheaxisparalleltoone

pendicularfacesmilledon thecase.

thefreeendmaybe chan&sd.

axisof thespring,that

of thethreemutuallype~-

Bymovingthescrewinor

~-~toraddinga ar~llweightto eitherside,theeffectiveaxis

of thespringis thusshifted.Thezeroisadjustedbymeans

of thestylus.

Themotionofthespringsisdamped.by a smalldashpoton.
theendof cad, as showninthephotographs(Figs.3 and4).

. Threedashpotshavea veryclose-fittingvaneandthe~learance

a aroundthestemiS keptas s~ll aspossibleinordertoprevent

theleakageofoil..Forconvenienceinfilling,eachof the

threedashpotsis connectedbya smallhypodermictubetoa

pumpwhichfillsallsimultaneously.Itwasoriginallyplanned

tohavethetopofeachpotconneotedtoa three-outletcock

andtoforcetheoilthrough.Betterresultswereobtained,
●

however,by forcingtheoilthroughthepotandoutaroundthe

stemofthepiston.By thismethodtheairisallforcedout
. andtheoilrehainsin thepotindefinitely- evenwhenina

I :lorizontalposi=i~n,
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Calibration.

Theusualmethodof calibratingistotakea recordwit?.

theinstrumentrestingon thebase,theside,andtheend,thus

rotatingconsecutivelytheplaneofeaehspringtkrough90de-

grees.Thiscausesa variationinlo”adof oneg.oneaohspring.

Assuminga straightlinecalibrationthecume foreaohsprir!$.

. isdeterminedby thetwopointsthusobtaine~Otherpointsbe-
tweenzeroandoneg.havebeenobtainedby rotatingtheinstru-+
mentthroughknownangles I.~SS than 90 degrees and aomputingthe

valueofg.thusobtained.Pointsaboveoneg.havebeenob-

tainedby addingweightsandtheassumptionofa straight-line

curveverified,Anothermethodofcalibrationwouldbe toprop-

erlymounttheinstmxnentona rotatingtableandcomputethe

centrifugalforceon eachspringforeachrotatingspeed.

Preoisi.on.
.

Theacouracyoftheinstrumentasusedintheairisdeter-
U

minedby theaoouraoywithwhichtherecordscanbe scaled,The
recordscaneasilybemeasuredto0.01inch,whichcorresponds

to0.12secondoftimewitha drumspeed of 0.5r.p;m.Theac-
celerationnormaltothewings may be measuredto0.04g.and

thelateralandlongitudinalto0.025g. Thedifferenceisdue
tothesensitivityoftheformerspringbeing0.25inohdeflec-

tionper1 g.whilethatofthelatterIs0.40inchper1 g.

Ithasbeenfoundthatforaccelerationssuchas thoseob-

. . -
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%inedinmaneuversthelagisnegligiblebutforlandingshocks

theinstrumentisover-dampedandtheresultinglagmakesthe>
recordsinaccurate.Thedampingcan,however,be so adjusted

thatai-xplanelandingshocksareaccuratelyrecorde&Thisms.:-
beaccomplishedbymountingtheinstmmenton a tablevibrated

~ya &m a~ldadjustingtided.awpi-ngtilltherecrmdsshowcorrsc-~

. valuesas detem:nedfromtheamplitudeandfrequencyof the

vibratingtable.&

Records.

TherecordsshowninFigs.5 and6 weretakenontherear

seatofa Fordsedanovera roughroadandonthefloorovera

smoothroad.Theformershowsaccelerationsalongallthreeaxes.

as thecarpitchedandswayed, giving fore and aftandsidewi.se

accelerationsaswellasvertical.Fig.6 showsthesideorlat-

eralaccelerationswhenthesteeringwheelis turnedquicklyin

onedireotionandintheother.Thereisverylittleaccelera-
? tionalong the other axes as the road was smooth and”thespeed

.
keptconstant.Thelateralaccelerationisapproximately0.5g.

inthiscase.An instrumentofthistypecouldbe usedtoad-

vantageinstudyingspringsandchassissuspensioninthedesign

ofautomobiles.

Fig.7 showsa recordtakenintheairwithnotiminginter-

valsandbeforethedampingon the Z springwasimproved.The

firstpartrepresentsa loopandthesecondtwowing-oversin.
quicksuccession.Itwillbe notioedintheloopthattheaccel-

4 .
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erationalongthe Z ‘axisisabout,3g., thenormalposition

of’thezerolinebeing1 g. Theaccelerationat thetopofthe

loopisiessthannormal,butneverreacheszero,as therewas

no tendencytohang. Thelongitudinalaccelerationis0.?5g.

orapproximately24ft/seo2(deceleration).Inthesemaneuve:s

therewasverylittlelateralaccelerationanditisthought .

thatitmaybe necessarytO change thesensitivityof the X.

spring.InanyCase,tilesensitivityof thespringsmaybe*
. ~eadilyoh.%nge’dtosuittheproblemink.an~

.
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Fig.1.Showingthearrangementofthesprings
andt-neaxesof theinstrument.
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Fig.2.Showingthemeansfortransferringthemotion
of thespringstothethreemirrors,

Thedashpotsareomitted.

Figs.1-2.
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